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We report results of a deep all-sky search for periodic gravitational waves from isolated neutron
stars in data from the S6 LIGO science run. The search was possible thanks to the computing
power provided by the volunteers of the Einstein@Home distributed computing project. We find
no significant signal candidate and set the most stringent upper limits to date on the amplitude of
gravitational wave signals from the target population. At the frequency of best strain sensitivity,
between 170.5 and 171 Hz we set a 90% confidence upper limit of 5.5 × 10−25, while at the high
end of our frequency range, around 505 Hz, we achieve upper limits ' 10−24. At 230 Hz we can
exclude sources with ellipticities greater than 10−6 within 100 pc of Earth with fiducial value of
the principal moment of inertia of 1038kg m2. If we assume a higher (lower) gravitational wave
spindown we constrain farther (closer) objects to higher (lower) ellipticities.
I. INTRODUCTION
In this paper we report the results of a deep all-sky Ein-
stein@Home [1] search for continuous, nearly monochro-
matic gravitational waves (GWs) in data from LIGO’s
sixth science (S6) run. A number of all-sky searches
have been carried out on LIGO data, [2–11], of which
[5, 7, 10] also ran on Einstein@Home . The search pre-
sented here covers frequencies from 50 Hz through 510 Hz
and frequency derivatives from 3.39×10−10 Hz/s through
−2.67 × 10−9 Hz/s. In this range we establish the most
constraining gravitational wave amplitude upper limits
to date for the target signal population.
II. LIGO INTERFEROMETERS AND THE
DATA USED
The LIGO gravitational wave network consists of two
observatories, one in Hanford (WA) and the other in
Livingston (LA) separated by a 3000-km baseline [12].
The last science run (S6) [13] of this network before the
upgrade towards the advanced LIGO configuration [14]
took place between July 2009 and October 2010. The
analysis in this paper uses a subset of this data: from
GPS 949469977 (2010 Feb 6 05:39:22 UTC) through GPS
971529850 (2010 Oct 19 13:23:55 UTC), selected for good
strain sensitivity [15]. Since interferometers sporadically
fall out of operation (“lose lock”) due to environmental or
instrumental disturbances or for scheduled maintenance
periods, the data set is not contiguous and each detector
has a duty factor of about 50% [16].
As done in [7], frequency bands known to contain spec-
tral disturbances have been removed from the analysis.
Actually, the data has been substituted with Gaussian
noise with the same average power as that in the neigh-
bouring and undisturbed bands. Table A 2 identifies
these bands.
III. THE SEARCH
The search described in this paper targets nearly
monochromatic gravitational wave signals as described
for example by Eqs. 1-4 of [7]. Various emission mecha-
nisms could generate such a signal as reviewed in Section
IIA of [11]. In interpreting our results we will consider a
spinning compact object with a fixed, non-axisymmetric
mass quadrupole, described by an ellipticity .
We perform a stack-slide type of search using the GCT
(Global correlation transform) method [17, 18]. In a
stack-slide search the data is partitioned in segments and
each segment is searched with a matched-filter method
[19]. The results from these coherent searches are com-
bined by summing (stacking) the detection statistic val-
ues from the segments (sliding), one per segment (Fi),
and this determines the value of the core detection statis-
tic:
F := 1
Nseg
Nseg∑
i=1
Fi. (1)
There are different ways to combine the single-segment
Fi values, but independently of the way that this is done,
this type of search is usually referred to as a “semi-
coherent search”. So stack-slide searches are a type of
semi-coherent search. Important variables for this type
of search are: the coherent time baseline of the segments
Tcoh, the number of segments used Nseg, the total time
spanned by the data Tobs, the grids in parameter space
and the detection statistic used to rank the parameter
space cells. For a stack-slide search in Gaussian noise,
Nseg × 2F follows a χ24Nseg chi-squared distribution with
4Nseg degrees of freedom. These parameters are sum-
marised in Table I. The grids in frequency and spindown
are each described by a single parameter, the grid spac-
ing, which is constant over the search range. The same
frequency grid spacings are used for the coherent searches
over the segments and for the incoherent summing. The
spindown spacing for the incoherent summing, δf˙ , is finer
than that used for the coherent searches, δf˙c, by a factor
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FIG. 1. Polar plots (r, θ plots with θ = α and r = cos δ)
of the grid points in the northern equatorial hemisphere sky
for the band 50-60Hz (left panel) and for the band 110-120Hz
(right panel). α is the right ascension coordinate and δ the
declination coordinate. One can clearly see the higher den-
sity in the −0.5 ≤ δ ≤ 0.5 equatorial region and the higher
density (∝ f2) of grid points at higher frequencies. The south-
ern hemispheres looks practically identical to the respective
northern ones.
γ. The notation used here is consistent with that used
in previous observational papers [20] and in the GCT
methods papers cited above.
The sky grid is the union of two grids: one is uniform
over the projection of the celestial sphere onto the equa-
torial plane, and the tiling (in the equatorial plane) is
approximately square with sides of length
d(msky) =
1
f
√
msky
piτE
, (2)
with msky = 0.3 and τE ' 0.021 s being half of the light
travel time across the Earth. As was done in [7], the
sky-grids are constant over 10 Hz bands and the spac-
ings are the ones associated through Eq. 2 to the highest
frequency f in the range. The other grid is limited to
the equatorial region (0 ≤ α ≤ 2pi and −0.5 ≤ δ ≤ 0.5),
with constant right ascension α and declination δ spac-
ings equal to d(0.3) – see Fig.1. The reason for the equa-
torial “patching” with a denser sky grid is to improve the
sensitivity of the search: the sky resolution actually de-
pends on the ecliptic latitude and the uniform equatorial
grid under-resolves particularly in the equatorial region.
The resulting number of templates used to search 50-mHz
bands as a function of frequency is shown in Fig. 2.
The search is split into work-units (WUs) sized to keep
the average Einstein@Home volunteer computer busy for
about 6 hours. Each WU searches a 50 mHz band, the
entire spindown range and 13 points in the sky, corre-
sponding to 4.9 × 109 templates out of which it returns
only the top 3000. A total of 12.7 million WUs are nec-
essary to cover the entire parameter space. The total
number of templates searched is 6.3× 1016.
FIG. 2. Number of searched templates in 50-mHz bands. The
variation with frequency is due to the increasing sky resolu-
tion. Nf ×Nf˙ ∼ 3.7× 108, where Nf and Nf˙ are the number
of f and f˙ templates searched in 50-mHz bands. The to-
tal number of templates searched between 50 and 510 Hz is
6.3× 1016.
1. The ranking statistic
The search was actually carried out in separate Ein-
stein@Home runs that used different ranking statistics
to define the top-candidate-list, reflecting different stages
in the development of a detection statistic robust with
respect to spectral lines in the data [21]. In particu-
lar, three ranking statistics were used: the average 2F
statistic over the segments, 2F , which in essence at every
template point is the likelihood of having a signal with
the shape given by the template versus having Gaussian
noise; the line-veto statistic ÔSL which is the odds ratio
of having a signal versus having a spectral line; and a
general line-robust statistic, ÔSGL, that tests the signal
hypothesis against a Gaussian noise + spectral line noise
model. Such a statistic can match the performance of
both the standard average 2F statistic in Gaussian noise
and the line-veto statistic in presence of single-detector
spectral disturbances and statistically outperforms them
when the noise is a mixture of both [21].
We combine the 2F-ranked results with the ÔSL-
ranked results to produce a single list of candidates
ranked according to the general line-robust statistic
ÔSGL. We now explain how this is achieved. Alongside
the detection statistic value and the parameter space cell
coordinates of each candidate, the Einstein@Home appli-
cation also returns the single-detector 2FX values (“X”
indicates the detector). These are used to compute, for
every candidate of any run, the ÔSGL through Eq. 61 of
3Tcoh 60 hrs
Tref 960499913.5 GPS sec
Nseg 90
δf 1.6× 10−6 Hz
δf˙c 5.8× 10−11 Hz/s
γ 230
msky 0.3 + equatorial patch
TABLE I. Search parameters rounded to the first decimal figure. Tref is the reference time that defines the frequency and
frequency derivative values.
[21]:
lnÔSGL = ln ôSL + F̂ − F̂ ′′max
− ln
(
eF̂∗−F̂
′′
max +
〈
r̂XeF̂
X−F̂ ′′max
〉)
,
(3)
with the angle-brackets indicating the average with re-
spect to detectors (X) and
F̂ = NsegF (4)
F̂X = NsegFX (5)
F̂ ′′max ≡ max
(
F̂∗, F̂X + ln r̂X
)
(6)
F̂∗ ≡ F̂ (0)∗ − ln ôLG (7)
F̂ (0)∗ ≡ ln cNseg∗ with c∗ set to 20.64 (8)
ôLG =
∑
X
ôXLG (9)
r̂X ≡ ô
X
LG
ôLG/Ndet
(10)
p̂L ≡ ôLG
1 + ôLG
(11)
where ôXLG is the assumed prior probability of a spectral
line occuring in any frequency bin of detector X, p̂L is
the line prior estimated from the data, Ndet = 2 is the
number of detectors, and ôSL is an assumed prior prob-
ability of a line being a signal (set arbitrarily to 1; its
specific value does not affect the ranking statistic). Fol-
lowing the reasoning of Eq. 67 of [21], with Nseg = 90
we set c∗ = 20.64 corresponding to a Gaussian false-
alarm probability of 10−9 and an average 2F transition
scale of ∼ 6 (F (0)∗ ∼ 3). The ôXLG values are estimated
from the data as described in Section VI.A of [21] in
50-mHz bands with a normalized-SFT-power threshold
PXthr = Pthr(pFA = 10−9, NXSFT ∼ 6000) ≈ 1.08. For
every 50-mHz band the list of candidates from the 2F-
ranked run is merged with the list from the ÔSL-ranked
run and duplicate candidates are considered only once.
The resulting list is ranked by the newly-computed ÔSGL
and the top 3000 candidates are kept. This is our result-
set and it is treated in a manner that is very similar to
[3].
2. Identification of undisturbed bands
Even after the removal of disturbed data caused by
spectral artefacts of known origin, the statistical prop-
erties of the results are not uniform across the search
band. In what follows we concentrate on the subset of the
signal-frequency bands having reasonably uniform statis-
tical properties. This still leaves us with the majority of
the search parameter space while allowing us to use meth-
ods that rely on theoretical modelling of the significance
in the statistical analysis of the results. Our classifica-
tion of “clean” vs. “disturbed” bands has no pretence
of being strictly rigorous, because strict rigour here is
neither useful nor practical. The classification serves the
practical purpose of discarding from the analysis regions
in parameter space with evident disturbances and must
not dismiss real signals. The classification is carried out
in two steps: a visual inspection and a refinement on the
visual inspection.
The visual inspection is performed by three scientists
who each look at various distributions of the detection
statistics over the entire sky and spindown parameter
space in 50-mHz bands. They rank each band with an
integer score 0,1,2,3 ranging from “undisturbed” (0) to
“disturbed” (3) . A band is considered “undisturbed”
if all three rankings are 0. The criteria agreed upon for
ranking are that the distribution of detection statistic
values should not show a visible trend affecting a large
portion of the f − f˙ plane and, if outliers exist in a small
region, outside this region the detection statistic values
should be within the expected ranges. Fig. 3 shows the
ÔSGL for three bands: two were marked as undisturbed
and the other as disturbed. One of the bands contains
the f − f˙ parameter space that harbours a fake signal
injected in the data to verify the detection pipelines. The
detection statistic is elevated in a small region around the
signal parameters. The visual inspection procedure does
not mark as disturbed bands with such features.
Based on this visual inspection 13% of the bands be-
tween 50 and 510 Hz are marked as “disturbed”. Of
these, 34% were given by all visual inspectors rankings
smaller than 3, i.e. they were only marginally disturbed.
Further inspection “rehabilitated” 42% of these. As a
result of this refinement in the selection procedure we
exclude from the current analysis 11% of the searched
frequencies.
4FIG. 3. On the z-axis and color-coded is the ÔSGL in three
50-mHz bands. The top band was marked as “undisturbed”.
The middle band is an example of a “disturbed band”. The
bottom band is an example of an “undisturbed band” but
containing a signal, a fake one, in this case.
FIG. 4. Highest values of 2F in every half-Hz band as a
function of band frequency. Since the number of templates
increases with frequency so does the loudest 2F .
FIG. 5. Highest values of the significance (CR) in every half-
Hz band as a function of band frequency. Since the signifi-
cance folds in the expected value for the loudest 2F and its
standard deviation, the significance of the loudest in noise
does not increase with frequency. Our results are consistent
with this expectation.
Fig. 4 shows the highest values of the detection statis-
tic in half-Hz signal-frequency bands compared to the
expectations. The set of candidates that the highest
detection statistic values are picked from, does not in-
clude the 50mHz signal-frequency bands that stem en-
tirely from fake data, from the cleaning procedure, or
that were marked as disturbed. In this paper we refer
to the candidates with the highest value of the detection
statistic as the loudest candidates.
The loudest expected value over Ntrials independent
5FIG. 6. Histogram of the highest values of the significance
CR in every half-Hz band.
FIG. 7. The fraction of 50mHz bands (in signal frequency)
which contribute to the results in every half-Hz band. As
explained in the text, some bands are excluded because they
are all from fake data or because they are marked as disturbed
by the visual inspection. The list of excluded bands is given
in Table A 3.
trials of 2F is determined1 by numerical integration of
the probability density function given, for example, by
Eq. 7 of [20]. For this search, we estimate that Ntrials '
0.87Ntempl, with Ntempl being the number of templates
searched.
As a uniform measure of significance of the highest 2F
value across bands that were searched with different val-
ues of Ntrials we introduce the critical ratio CR defined
as the deviation of the measured highest 2F from the
expected value, measured in units of the standard devi-
1 After a simple change of variable from 2F to Nseg × 2F .
ation:
CR :=
2Fmeas − 2Fexped
σexped
. (12)
The highest and most significant detection statistic
value from our search is 2F = 8.6 at a frequency of about
52.76 Hz with a CR=29. This is due to a fake signal. The
second highest value of the detection statistic is 7.04 at a
frequency of about 329.01 Hz corresponding to a CR of
4.6. The second highest-CR candidate has a 2F of 6.99,
is at 192.16 Hz and has a CR=4.8.
Sorting loudest candidates from half-Hz bands accord-
ing to detection statistic values is not the same as sort-
ing them according to CR. The reason for this is that
the number of templates is not the same for all half-Hz
bands. This is due to the grid spacings decreasing with
frequency (Eq. 2) and to the fact that, as previously ex-
plained, some 50-mHz bands have been excluded from the
current analysis and hence some half-Hz bands comprise
results from fewer than ten 50mHz bands. Fig.7 gives
the fill-level of each half-Hz band, i.e. how many 50mHz
bands have contributed candidates to the analysis out of
ten. We use the CR as a measure of the significance be-
cause it folds in correctly the effect of varying number of
templates in the half-Hz bands.
FIG. 8. p-values for the loudest in half-Hz bands of our data
(histogram bars) and expected distribution of pure noise data
for reference (black markers).
After excluding the candidate due to the fake signal,
in this data we see no evidence of a signal: the distri-
bution of p-values associated with every measured half-
Hz band loudest is consistent with what we expect from
noise-only across the measured range (Fig.8). In par-
ticular we note two things: 1) the two candidates at
CR=4.6 and CR=4.8 are not significant when we con-
sider how many half-Hz bands we have searched and 2)
there is no population of low significance candidates de-
viating from the expectation of the noise-only case. The
p-value for the loudest measured in any half-Hz band
6searched with an effective number of independent trials
Ntrials = 0.87 Ntrials is obtained by integrating Eq. 6 of
[20] between the observed value and infinity.
IV. UPPER LIMITS
The search did not reveal any continuous gravitational
wave signal in the parameter volume that was searched.
We hence set frequentist upper limits on the maximum
gravitational wave amplitude consistent with this null re-
sult in half-Hz bands : h90%0 (f). h
90%
0 (f) is the GW am-
plitude such that 90% of a population of signals with pa-
rameter values in our search range would have produced
a candidate louder than what was observed by our search.
This is the criterion hereafter referred to as “detection”.
Evaluating these upper limits with injection-and-
recovery Monte Carlo simulations in every half-Hz band
is too computationally intensive. So we perform them
in a subset of 50 bands and infer the upper limit values
in the other bands from these. The 50 bands are evenly
spaced in the search frequency range. For each band
j = 1 . . . 50, we measure the 90% upper limit value cor-
responding to different detection criteria. The different
detection criteria are defined by different CR values for
the assumed measured loudest. The first CR bin, CR0, is
for CR values equal to or smaller than 0, the next bins are
for i < CRi ≤ (i + 1) with i = 1 . . . 5. Correspondingly
we have h90%,j0,CRi for each band. For every detection cri-
teria and every band we determine the sensitivity depth
[22], and by averaging these sensitivity depths over the
bands we derive a sensitivity depth for every detection
criteria: D90%CRi = 1/50
∑
j D90%,jCRi . We use these to set
upper limits in the bands k where we have not performed
injection-and-recovery simulations as
h90%0 (fk) =
√
Sh(fk)
D90%CRi(k)
, (13)
where CRi(k) is the significance bin of the loudest can-
didate of the kth band and Sh(fk) the power spectral
density of the data (measured in 1/
√
Hz). The values of
the sensitivity depths range between D90%CR6 ' 33 (1/
√
Hz)
and D90%CR0 ' 37 (1/
√
Hz). The uncertainties on the upper
limit values introduced by this procedure are ' 10% of
the nominal upper limit value. We represent this uncer-
tainty as a shaded region around the upper limit values
in Fig.9. The upper limit values are also provided in tab-
ular form in the Appendix in Table IV. We do not set
upper limits in half-Hz bands where the results are en-
tirely produced with fake data inserted by the cleaning
procedure described in Section II. Upper limits for such
bands will not appear in Table A 1 nor in Fig. 9. There
also exist 50-mHz bands that include contributions from
fake data as a result of the cleaning procedure or that
have been excluded from the analysis because they were
marked as disturbed by the visual inspection procedure
described in Section III 2. We mark the half-Hz bands
which host these 50mHz bands with a different colour
(light red) in Fig.9. In Table A 3 in the Appendix we
provide a complete list of such 50-mHz bands because
the upper limit values do not apply to those 50-mHz
bands. Finally we note that, due to the cleaning proce-
dure, there exist signal frequency bands where the search
results might have contributions from fake data. We list
these signal-frequency ranges in Table A 4. For complete-
ness this table also contains the cleaned bands of Table
A 3, under the column header “all fake data”.
V. CONCLUSIONS
Our upper limits are the tightest ever placed for this
set of target signals. The smallest value of the GW am-
plitude upper limit is 5.5× 10−25 in the band 170.5-171
Hz. Fig. 9 shows the upper limit values as a function of
search frequency. We also show the upper limits from [2],
another all-sky search on S6 data, rescaled according to
[23] to enable a direct comparison with ours. Under the
assumption that the sources are uniformly distributed in
space, our search probes a volume in space a few times
larger than that of [2]. It should however be noted that
[2] examines a much broader parameter space than the
one presented here. The Virgo VSR2 and VSR4 science
runs were contemporary to the S6 run and more sensi-
tive at low frequency with respect to LIGO. The Virgo
data were analysed in search of continuous signals from
the whole sky in the frequency range 20 Hz - 128 Hz and
a narrower spindown range than that covered here, with
|f˙ | 6 10−10 Hz/s [4]. Our sensitivity is comparable to
that achieved by that search and improves on it above 80
Hz.
Following [24], we define the fraction x of the spindown
rotational energy emitted in gravitational waves. The
star’s ellipticity necessary to sustain such emission is
(f, xf˙) =
√
5c5
32pi4G
xf˙
If5
, (14)
where c is the speed of light, G is the gravitational con-
stant, f is the GW frequency and I the principal mo-
ment of inertia of the star. Correspondingly, xf˙ is the
spindown rate that accounts for the emission of GWs and
this is why we refer to it as the GW spindown. The grav-
itational wave amplitude h0 at the detector coming from
a GW source like that of Eq.14, at a distance D from
Earth is
h0(f, xf˙ ,D) =
1
D
√
5GI
2c3
xf˙
f
. (15)
Based on this last equation, we can use our GW ampli-
tude upper limits to bound the minimum distance for
compact objects emitting continuous gravitational waves
under different assumptions on the object’s ellipticity
7FIG. 9. 90% confidence upper limits on the gravitational wave amplitude of signals with frequency within half-Hz bands, from
the entire sky and within the spindown range of the search. The light red markers denote half-Hz bands where the upper limit
value does not hold for all frequencies in that interval. A list of the excluded frequencies is given in the Appendix. Although
not obvious from the figure, due to the quality of the data we were not able to analyse the data in some half-Hz bands, so there
are some points missing in the plot. For reference we also plot the upper limit results from two searches: one on the same data
(Powerflux) [2] and on contemporary data from the Virgo detector (frequency Hough) [4]. The Powerflux points are obtained
by rescaling the best (crosses) and worst-case (dots) upper limit values as explained in the text. It should be noted that the
Powerflux upper limits are set at 95% rather than 90% but refer to 0.25 Hz bands rather than half-Hz.
(i.e. gravitational wave spindown). This is shown in
Fig. 10. We find that for most frequencies above 230 Hz
our upper limits exclude compact objects with elliptici-
ties of 10−6
√
1038kgm2
I (corresponding to GW spindowns
between 10−12 Hz/s and 10−11 Hz/s) within 100 pc of
Earth. Both the ellipticity and the distance ranges span
absolutely plausible values and could not have been ex-
cluded with other measurements.
We expect the methodology used in this search to
serve as a template for the assessment of Einstein@Home
run results in the future, for example the next Ein-
stein@Home run, using advanced LIGO data that is be-
ing processed as this paper is written. Results of searches
for continuous wave signals could also be mined further,
probing sub-threshold candidates with a hierarchical se-
ries of follow-up searches. This is not the topic of this
paper and might be pursued in a forthcoming publica-
tion.
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Appendix A: Tabular data
1. Upper limit values
f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025
50.063 70.3 ± 12.8 50.563 68.4 ± 12.5 51.063 69.3 ± 12.6 51.563 67.5 ± 12.4
52.063 66.9 ± 12.2 53.063 57.6 ± 10.5 53.563 58.9 ± 10.9 54.063 55.3 ± 10.1
54.563 54.0 ± 9.9 55.063 55.7 ± 10.2 55.563 53.3 ± 9.8 56.063 50.9 ± 9.3
56.563 51.8 ± 9.5 57.063 47.5 ± 8.7 57.563 46.9 ± 8.6 58.063 47.1 ± 8.6
58.563 51.5 ± 9.4 61.063 44.8 ± 8.2 61.563 37.4 ± 6.9 62.063 36.5 ± 6.7
62.563 36.0 ± 6.6 63.063 36.3 ± 6.6 63.563 33.8 ± 6.2 64.063 30.6 ± 5.6
64.563 29.8 ± 5.4 65.063 31.5 ± 5.9 65.563 30.8 ± 5.7 66.063 28.3 ± 5.2
66.563 26.5 ± 4.8 67.063 26.5 ± 4.9 67.563 27.3 ± 5.0 68.063 25.7 ± 4.7
68.563 27.4 ± 5.0 69.063 24.8 ± 4.5 69.563 25.5 ± 4.7 70.063 25.7 ± 4.7
70.563 23.6 ± 4.3 71.063 22.8 ± 4.2 71.563 23.6 ± 4.3 72.063 23.1 ± 4.2
72.563 23.3 ± 4.2 73.063 22.0 ± 4.0 73.563 23.9 ± 4.5 74.063 21.1 ± 3.8
74.563 20.6 ± 3.8 75.063 19.3 ± 3.5 75.563 20.8 ± 3.8 76.063 19.0 ± 3.5
76.563 18.3 ± 3.4 77.063 18.1 ± 3.3 77.563 18.5 ± 3.4 78.063 18.8 ± 3.4
78.563 17.4 ± 3.2 79.063 17.0 ± 3.1 79.563 18.1 ± 3.3 80.063 18.0 ± 3.3
80.563 16.9 ± 3.1 81.063 18.7 ± 3.4 81.563 16.3 ± 3.0 82.063 15.5 ± 2.8
82.563 15.4 ± 2.8 83.063 15.7 ± 2.9 83.563 15.0 ± 2.8 84.063 14.6 ± 2.7
84.563 13.9 ± 2.5 85.063 14.0 ± 2.6 85.563 13.7 ± 2.5 86.063 13.9 ± 2.5
86.563 13.8 ± 2.5 87.063 13.3 ± 2.4 87.563 13.1 ± 2.4 88.063 12.9 ± 2.4
88.563 13.0 ± 2.4 89.063 12.4 ± 2.3 89.563 12.3 ± 2.3 90.063 12.6 ± 2.3
90.563 12.0 ± 2.2 91.063 11.8 ± 2.2 91.563 11.6 ± 2.1 92.063 11.4 ± 2.1
92.563 11.3 ± 2.1 93.063 11.2 ± 2.1 93.563 11.1 ± 2.0 94.063 11.3 ± 2.1
94.563 11.1 ± 2.0 95.063 11.6 ± 2.2 95.563 10.8 ± 2.0 96.063 10.8 ± 2.0
96.563 10.6 ± 1.9 97.063 10.4 ± 1.9 97.563 10.5 ± 1.9 98.063 10.2 ± 1.9
98.563 11.1 ± 2.1 99.063 10.5 ± 1.9 99.563 10.3 ± 1.9 100.063 10.5 ± 1.9
100.563 9.9 ± 1.8 101.063 9.8 ± 1.8 101.563 9.5 ± 1.7 102.063 9.9 ± 1.8
102.563 9.9 ± 1.8 103.063 9.6 ± 1.8 103.563 9.5 ± 1.7 104.063 9.4 ± 1.7
104.563 9.3 ± 1.7 105.063 9.6 ± 1.8 105.563 9.3 ± 1.7 106.063 9.3 ± 1.7
106.563 9.4 ± 1.7 107.063 9.1 ± 1.7 107.563 9.7 ± 1.8 108.063 9.3 ± 1.7
108.563 9.0 ± 1.7 109.063 8.7 ± 1.6 109.563 8.5 ± 1.5 110.063 9.0 ± 1.7
110.563 8.6 ± 1.6 111.063 8.6 ± 1.6 111.563 8.8 ± 1.6 112.063 8.5 ± 1.5
112.563 8.3 ± 1.5 113.063 9.2 ± 1.7 113.563 8.6 ± 1.6 114.063 8.4 ± 1.5
10
f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025
114.563 8.4 ± 1.6 115.063 8.0 ± 1.5 115.563 7.9 ± 1.4 116.063 8.1 ± 1.5
116.563 8.6 ± 1.6 117.063 9.0 ± 1.7 117.563 8.7 ± 1.6 118.063 10.5 ± 1.9
118.563 8.7 ± 1.6 121.063 9.1 ± 1.7 121.563 8.2 ± 1.5 122.063 8.3 ± 1.5
122.563 8.2 ± 1.5 123.063 8.5 ± 1.6 123.563 8.3 ± 1.5 124.063 8.0 ± 1.4
124.563 7.4 ± 1.4 125.063 7.5 ± 1.4 125.563 8.3 ± 1.5 126.063 8.1 ± 1.5
126.563 8.4 ± 1.5 127.063 7.6 ± 1.4 127.563 7.7 ± 1.4 128.063 7.4 ± 1.4
128.563 7.8 ± 1.4 129.063 8.0 ± 1.5 129.563 8.2 ± 1.5 130.063 7.7 ± 1.4
130.563 7.9 ± 1.4 131.063 7.2 ± 1.3 131.563 6.8 ± 1.2 132.063 7.0 ± 1.3
132.563 6.9 ± 1.3 133.063 6.7 ± 1.2 133.563 6.6 ± 1.2 134.063 6.4 ± 1.2
134.563 6.3 ± 1.2 135.063 6.5 ± 1.2 135.563 6.5 ± 1.2 136.063 6.6 ± 1.2
136.563 6.3 ± 1.2 137.063 6.6 ± 1.2 137.563 6.5 ± 1.2 138.063 6.4 ± 1.2
138.563 6.4 ± 1.2 139.063 6.5 ± 1.2 139.563 6.2 ± 1.1 140.063 6.3 ± 1.1
140.563 6.2 ± 1.1 141.063 6.1 ± 1.1 141.563 6.5 ± 1.2 142.063 6.2 ± 1.1
142.563 6.3 ± 1.2 143.063 6.3 ± 1.1 143.563 6.0 ± 1.1 144.063 6.2 ± 1.1
144.563 6.0 ± 1.1 145.563 5.9 ± 1.1 146.063 5.9 ± 1.1 146.563 6.3 ± 1.2
147.063 6.3 ± 1.2 147.563 5.8 ± 1.1 148.063 5.8 ± 1.1 148.563 5.9 ± 1.1
149.063 5.8 ± 1.1 149.563 5.7 ± 1.0 150.063 5.7 ± 1.0 150.563 6.0 ± 1.1
151.063 5.7 ± 1.0 151.563 5.7 ± 1.0 152.063 5.7 ± 1.1 152.563 5.7 ± 1.0
153.063 5.8 ± 1.1 153.563 5.8 ± 1.1 154.063 5.7 ± 1.0 154.563 5.7 ± 1.1
155.063 5.9 ± 1.1 155.563 5.9 ± 1.1 156.063 6.0 ± 1.1 156.563 6.0 ± 1.1
157.063 5.7 ± 1.0 157.563 6.0 ± 1.1 158.063 5.8 ± 1.1 158.563 5.7 ± 1.0
159.063 5.8 ± 1.1 159.563 5.6 ± 1.0 160.063 5.8 ± 1.1 160.563 5.7 ± 1.0
161.063 5.7 ± 1.0 161.563 5.6 ± 1.0 162.063 5.9 ± 1.1 162.563 5.7 ± 1.0
163.063 5.7 ± 1.0 163.563 5.7 ± 1.0 164.063 5.6 ± 1.0 164.563 5.8 ± 1.1
165.063 5.7 ± 1.0 165.563 5.7 ± 1.0 166.063 5.7 ± 1.0 166.563 5.5 ± 1.0
167.063 5.7 ± 1.0 167.563 5.6 ± 1.0 168.063 5.6 ± 1.0 168.563 5.5 ± 1.0
169.063 5.5 ± 1.0 169.563 5.5 ± 1.0 170.063 5.6 ± 1.0 170.563 5.5 ± 1.0
171.063 5.5 ± 1.0 171.563 5.5 ± 1.0 172.063 5.5 ± 1.0 172.563 5.7 ± 1.0
173.063 5.6 ± 1.0 173.563 5.7 ± 1.0 174.063 5.5 ± 1.0 174.563 5.5 ± 1.0
175.063 5.5 ± 1.0 175.563 5.6 ± 1.0 176.063 6.2 ± 1.1 176.563 6.4 ± 1.2
177.063 6.4 ± 1.2 177.563 6.5 ± 1.2 178.063 6.5 ± 1.2 178.563 7.2 ± 1.3
181.063 7.2 ± 1.3 181.563 7.0 ± 1.3 182.063 6.7 ± 1.2 182.563 6.9 ± 1.3
183.063 6.6 ± 1.2 183.563 6.4 ± 1.2 184.063 6.4 ± 1.2 184.563 6.1 ± 1.1
185.063 6.3 ± 1.2 185.563 6.2 ± 1.1 186.063 6.2 ± 1.1 186.563 6.3 ± 1.2
187.063 6.2 ± 1.1 187.563 6.5 ± 1.2 188.063 6.8 ± 1.2 188.563 6.9 ± 1.3
189.063 8.0 ± 1.5 189.563 7.8 ± 1.4 190.063 7.0 ± 1.3 190.563 6.5 ± 1.2
191.063 6.1 ± 1.1 191.563 6.2 ± 1.1 192.063 6.7 ± 1.3 192.563 6.1 ± 1.1
193.063 5.8 ± 1.1 193.563 5.8 ± 1.1 194.063 6.3 ± 1.2 194.563 6.1 ± 1.1
195.063 6.1 ± 1.1 195.563 6.2 ± 1.1 196.063 6.5 ± 1.2 196.563 6.3 ± 1.2
197.063 6.4 ± 1.2 197.563 6.9 ± 1.3 198.063 6.8 ± 1.2 198.563 6.8 ± 1.2
199.063 7.9 ± 1.4 199.563 8.5 ± 1.6 200.063 7.1 ± 1.3 200.563 7.3 ± 1.3
201.063 7.5 ± 1.4 201.563 7.0 ± 1.3 202.063 6.7 ± 1.2 202.563 6.8 ± 1.2
203.063 6.4 ± 1.2 203.563 5.7 ± 1.1 204.063 5.8 ± 1.1 204.563 6.0 ± 1.1
205.063 5.8 ± 1.1 205.563 5.7 ± 1.0 206.063 5.6 ± 1.0 206.563 6.0 ± 1.1
207.063 5.9 ± 1.1 207.563 5.8 ± 1.1 208.063 6.4 ± 1.2 208.563 6.7 ± 1.2
209.063 6.3 ± 1.2 209.563 6.8 ± 1.2 210.063 6.8 ± 1.2 210.563 6.0 ± 1.1
211.063 5.8 ± 1.1 211.563 5.7 ± 1.0 212.063 5.6 ± 1.0 212.563 5.8 ± 1.1
213.063 5.7 ± 1.0 213.563 5.9 ± 1.1 214.063 5.5 ± 1.0 214.563 5.8 ± 1.1
215.063 5.9 ± 1.1 215.563 5.8 ± 1.1 216.063 5.5 ± 1.0 216.563 5.5 ± 1.0
217.063 5.5 ± 1.0 217.563 5.7 ± 1.0 218.063 5.5 ± 1.0 218.563 5.8 ± 1.1
219.063 5.5 ± 1.0 219.563 5.7 ± 1.0 220.063 5.7 ± 1.0 220.563 5.5 ± 1.0
221.063 5.6 ± 1.0 221.563 5.6 ± 1.0 222.063 5.7 ± 1.0 222.563 5.8 ± 1.1
223.063 6.2 ± 1.1 223.563 6.2 ± 1.1 224.063 6.2 ± 1.1 224.563 5.8 ± 1.1
225.063 5.8 ± 1.1 225.563 5.8 ± 1.1 226.063 5.7 ± 1.0 226.563 5.7 ± 1.0
227.063 6.0 ± 1.1 227.563 5.8 ± 1.1 228.063 5.9 ± 1.1 228.563 5.9 ± 1.1
229.063 6.1 ± 1.1 229.563 5.9 ± 1.1 230.063 6.2 ± 1.1 230.563 5.8 ± 1.1
231.063 5.9 ± 1.1 231.563 5.8 ± 1.1 232.063 5.7 ± 1.1 232.563 5.9 ± 1.1
233.063 6.2 ± 1.1 233.563 6.3 ± 1.1 234.063 6.1 ± 1.1 234.563 5.9 ± 1.1
235.063 5.9 ± 1.1 235.563 5.8 ± 1.1 236.063 5.7 ± 1.0 236.563 5.7 ± 1.0
237.063 5.7 ± 1.0 237.563 5.9 ± 1.1 238.063 5.9 ± 1.1 238.563 5.8 ± 1.1
240.563 6.0 ± 1.1 241.063 5.9 ± 1.1 241.563 5.9 ± 1.1 242.063 5.9 ± 1.1
242.563 6.0 ± 1.1 243.063 6.2 ± 1.1 243.563 6.0 ± 1.1 244.063 5.9 ± 1.1
244.563 5.9 ± 1.1 245.063 6.0 ± 1.1 245.563 5.8 ± 1.1 246.063 5.8 ± 1.1
11
f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025
246.563 5.8 ± 1.1 247.063 5.9 ± 1.1 247.563 6.0 ± 1.1 248.063 5.9 ± 1.1
248.563 6.2 ± 1.1 249.063 6.1 ± 1.1 249.563 6.4 ± 1.2 250.063 5.9 ± 1.1
250.563 6.0 ± 1.1 251.063 5.8 ± 1.1 251.563 5.9 ± 1.1 252.063 5.9 ± 1.1
252.563 5.8 ± 1.1 253.063 5.8 ± 1.1 253.563 5.8 ± 1.1 254.063 5.9 ± 1.1
254.563 6.1 ± 1.1 255.063 5.9 ± 1.1 255.563 6.1 ± 1.1 256.063 6.0 ± 1.1
256.563 6.0 ± 1.1 257.063 6.6 ± 1.2 257.563 6.0 ± 1.1 258.063 6.4 ± 1.2
258.563 6.2 ± 1.1 259.063 6.1 ± 1.1 259.563 6.1 ± 1.1 260.063 6.0 ± 1.1
260.563 6.0 ± 1.1 261.063 6.0 ± 1.1 261.563 6.0 ± 1.1 262.063 6.3 ± 1.1
262.563 6.1 ± 1.1 263.063 6.2 ± 1.1 263.563 6.2 ± 1.1 264.063 6.3 ± 1.2
264.563 6.1 ± 1.1 265.063 6.1 ± 1.1 265.563 6.3 ± 1.1 266.063 6.1 ± 1.1
266.563 6.4 ± 1.2 267.063 6.6 ± 1.2 267.563 6.3 ± 1.2 268.063 6.4 ± 1.2
268.563 6.3 ± 1.2 269.063 6.2 ± 1.1 269.563 6.2 ± 1.1 270.063 7.0 ± 1.3
270.563 6.6 ± 1.2 271.063 6.4 ± 1.2 271.563 6.3 ± 1.2 272.063 6.6 ± 1.2
272.563 6.5 ± 1.2 273.063 6.7 ± 1.2 273.563 6.5 ± 1.2 274.063 6.2 ± 1.1
274.563 6.3 ± 1.1 275.063 6.3 ± 1.1 275.563 6.3 ± 1.2 276.063 6.7 ± 1.2
276.563 6.5 ± 1.2 277.063 6.6 ± 1.2 277.563 7.0 ± 1.3 278.063 6.6 ± 1.2
278.563 6.7 ± 1.2 279.063 6.8 ± 1.3 279.563 7.2 ± 1.3 280.063 7.1 ± 1.3
280.563 6.8 ± 1.2 281.063 6.9 ± 1.3 281.563 7.3 ± 1.3 282.063 6.8 ± 1.3
282.563 6.9 ± 1.3 283.063 6.7 ± 1.2 283.563 6.9 ± 1.3 284.063 6.6 ± 1.2
284.563 6.6 ± 1.2 285.063 6.8 ± 1.3 285.563 6.5 ± 1.2 286.063 6.7 ± 1.2
286.563 6.6 ± 1.2 287.063 6.7 ± 1.2 287.563 6.5 ± 1.2 288.063 6.6 ± 1.2
288.563 6.8 ± 1.2 289.063 6.6 ± 1.2 289.563 6.7 ± 1.2 290.063 6.6 ± 1.2
290.563 6.6 ± 1.2 291.063 6.7 ± 1.2 291.563 6.6 ± 1.2 292.063 6.7 ± 1.2
292.563 6.6 ± 1.2 293.063 6.6 ± 1.2 293.563 6.8 ± 1.2 294.063 6.9 ± 1.3
294.563 6.6 ± 1.2 295.063 6.6 ± 1.2 295.563 6.9 ± 1.3 296.063 6.9 ± 1.3
296.563 6.7 ± 1.2 297.063 6.9 ± 1.3 297.563 6.7 ± 1.2 298.063 6.9 ± 1.3
298.563 6.9 ± 1.3 300.563 7.1 ± 1.3 301.063 7.2 ± 1.3 301.563 6.9 ± 1.3
302.063 6.9 ± 1.3 302.563 7.1 ± 1.3 303.063 7.1 ± 1.3 303.563 7.3 ± 1.3
304.063 7.2 ± 1.3 304.563 6.9 ± 1.3 305.063 7.0 ± 1.3 305.563 7.2 ± 1.3
306.063 7.1 ± 1.3 306.563 7.1 ± 1.3 307.063 7.2 ± 1.3 307.563 7.2 ± 1.3
308.063 7.2 ± 1.3 308.563 7.3 ± 1.3 309.063 7.2 ± 1.3 309.563 7.3 ± 1.3
310.063 7.4 ± 1.4 310.563 7.2 ± 1.3 311.063 7.5 ± 1.4 311.563 7.6 ± 1.4
312.063 7.4 ± 1.4 312.563 7.3 ± 1.3 313.063 7.3 ± 1.3 313.563 7.3 ± 1.3
314.063 7.3 ± 1.3 314.563 7.5 ± 1.4 315.063 7.3 ± 1.3 315.563 7.4 ± 1.4
316.063 7.8 ± 1.4 316.563 7.7 ± 1.4 317.063 8.2 ± 1.5 317.563 7.8 ± 1.4
318.063 8.1 ± 1.5 318.563 7.8 ± 1.4 319.063 7.6 ± 1.4 319.563 8.0 ± 1.5
320.063 7.7 ± 1.4 320.563 7.7 ± 1.4 321.063 8.0 ± 1.5 321.563 8.0 ± 1.5
322.063 8.4 ± 1.5 322.563 8.3 ± 1.5 323.063 8.8 ± 1.6 323.563 8.7 ± 1.6
324.063 9.1 ± 1.7 324.563 8.6 ± 1.6 325.063 9.0 ± 1.6 325.563 8.9 ± 1.6
326.063 9.1 ± 1.7 326.563 9.6 ± 1.8 327.063 10.0 ± 1.8 327.563 10.3 ± 1.9
328.063 10.0 ± 1.8 328.563 10.8 ± 2.0 329.063 9.6 ± 1.8 329.563 9.4 ± 1.7
330.063 10.5 ± 1.9 330.563 10.2 ± 1.9 331.063 9.8 ± 1.8 331.563 10.2 ± 1.9
332.063 10.2 ± 1.9 332.563 10.1 ± 1.9 333.063 10.6 ± 1.9 333.563 11.1 ± 2.0
334.063 11.8 ± 2.2 334.563 13.0 ± 2.4 335.063 14.0 ± 2.6 335.563 13.8 ± 2.5
336.063 14.1 ± 2.6 336.563 13.8 ± 2.5 337.063 14.1 ± 2.6 337.563 15.3 ± 2.9
338.063 14.7 ± 2.7 338.563 16.1 ± 2.9 339.063 17.4 ± 3.2 350.563 19.6 ± 3.6
351.063 17.3 ± 3.2 351.563 16.6 ± 3.0 352.063 16.8 ± 3.1 352.563 15.2 ± 2.8
353.063 15.7 ± 2.9 353.563 16.0 ± 2.9 354.063 14.4 ± 2.6 354.563 14.3 ± 2.6
355.063 17.4 ± 3.2 355.563 19.3 ± 3.5 356.063 18.3 ± 3.3 356.563 15.8 ± 2.9
357.063 13.0 ± 2.4 357.563 12.4 ± 2.3 358.063 11.9 ± 2.2 358.563 11.2 ± 2.0
361.063 9.9 ± 1.8 361.563 9.5 ± 1.7 362.063 9.1 ± 1.7 362.563 9.2 ± 1.7
363.063 10.2 ± 1.9 363.563 11.3 ± 2.1 364.063 10.4 ± 1.9 364.563 10.7 ± 2.0
365.063 9.1 ± 1.7 365.563 8.8 ± 1.6 366.063 8.9 ± 1.6 366.563 8.7 ± 1.6
367.063 9.1 ± 1.7 367.563 9.0 ± 1.6 368.063 8.6 ± 1.6 368.563 9.0 ± 1.6
369.063 8.5 ± 1.6 369.563 8.9 ± 1.6 370.063 9.1 ± 1.7 370.563 8.7 ± 1.6
371.063 9.6 ± 1.8 371.563 9.0 ± 1.6 372.063 8.4 ± 1.5 372.563 8.1 ± 1.5
373.063 8.3 ± 1.5 373.563 8.7 ± 1.6 374.063 9.3 ± 1.7 374.563 9.0 ± 1.6
375.063 9.3 ± 1.7 375.563 8.6 ± 1.6 376.063 8.9 ± 1.6 376.563 8.7 ± 1.6
377.063 9.8 ± 1.8 377.563 10.7 ± 2.0 378.063 9.2 ± 1.7 378.563 8.4 ± 1.5
379.063 8.2 ± 1.5 379.563 8.4 ± 1.5 380.063 8.6 ± 1.6 380.563 8.5 ± 1.5
381.063 8.3 ± 1.5 381.563 8.5 ± 1.6 382.063 8.8 ± 1.6 382.563 8.9 ± 1.6
383.063 9.3 ± 1.7 383.563 9.1 ± 1.7 384.063 9.4 ± 1.7 384.563 10.2 ± 1.9
385.063 10.3 ± 1.9 385.563 11.9 ± 2.2 386.063 11.6 ± 2.1 386.563 9.6 ± 1.7
12
f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025 f (in Hz) h90%0 × 1025
387.063 9.1 ± 1.7 387.563 8.8 ± 1.6 388.063 8.7 ± 1.6 388.563 9.3 ± 1.7
389.063 9.2 ± 1.7 389.563 8.6 ± 1.6 390.063 8.3 ± 1.5 390.563 8.8 ± 1.6
391.063 8.9 ± 1.6 391.563 8.7 ± 1.6 392.063 8.4 ± 1.5 392.563 8.6 ± 1.6
393.063 8.5 ± 1.6 393.563 8.3 ± 1.5 394.063 8.4 ± 1.5 394.563 8.2 ± 1.5
395.063 8.2 ± 1.5 395.563 9.0 ± 1.7 396.063 8.6 ± 1.6 396.563 8.4 ± 1.5
397.063 8.4 ± 1.5 397.563 8.1 ± 1.5 398.063 8.1 ± 1.5 398.563 8.3 ± 1.5
399.063 8.4 ± 1.5 399.563 8.7 ± 1.6 400.563 8.3 ± 1.5 401.063 8.5 ± 1.6
401.563 8.1 ± 1.5 402.063 8.1 ± 1.5 402.563 8.1 ± 1.5 403.063 8.5 ± 1.6
403.563 8.7 ± 1.6 404.063 8.7 ± 1.6 404.563 8.6 ± 1.6 405.063 8.5 ± 1.6
405.563 8.6 ± 1.6 406.063 8.6 ± 1.6 406.563 8.2 ± 1.5 407.063 8.1 ± 1.5
407.563 8.4 ± 1.5 408.063 8.1 ± 1.5 408.563 8.2 ± 1.5 409.063 8.2 ± 1.5
409.563 8.2 ± 1.5 410.063 8.4 ± 1.5 410.563 8.2 ± 1.5 411.063 8.4 ± 1.5
411.563 8.7 ± 1.6 412.063 8.7 ± 1.6 412.563 8.8 ± 1.6 413.063 8.5 ± 1.6
413.563 8.4 ± 1.5 414.063 8.4 ± 1.5 414.563 8.5 ± 1.5 415.063 8.5 ± 1.5
415.563 8.3 ± 1.5 416.063 8.7 ± 1.6 416.563 9.2 ± 1.7 417.063 8.6 ± 1.6
417.563 8.3 ± 1.5 418.063 8.5 ± 1.6 418.563 8.3 ± 1.5 420.563 8.5 ± 1.6
421.063 8.5 ± 1.6 421.563 9.0 ± 1.7 422.063 8.8 ± 1.6 422.563 10.0 ± 1.8
423.063 8.8 ± 1.6 423.563 8.7 ± 1.6 424.063 8.7 ± 1.6 424.563 8.9 ± 1.6
425.063 9.3 ± 1.7 425.563 9.7 ± 1.8 426.063 9.8 ± 1.8 426.563 9.9 ± 1.8
427.063 9.9 ± 1.8 427.563 10.9 ± 2.0 428.063 11.2 ± 2.1 428.563 12.3 ± 2.2
429.063 12.6 ± 2.3 429.563 10.4 ± 1.9 430.063 10.8 ± 2.0 430.563 10.3 ± 1.9
431.063 10.5 ± 1.9 431.563 12.2 ± 2.2 432.063 10.9 ± 2.0 432.563 10.6 ± 1.9
433.063 9.3 ± 1.7 433.563 9.0 ± 1.6 434.063 9.0 ± 1.6 434.563 9.0 ± 1.6
435.063 8.8 ± 1.6 435.563 8.6 ± 1.6 436.063 8.6 ± 1.6 436.563 8.8 ± 1.6
437.063 9.4 ± 1.8 437.563 8.5 ± 1.6 438.063 9.0 ± 1.6 438.563 8.6 ± 1.6
439.063 8.8 ± 1.6 439.563 8.9 ± 1.6 440.063 9.0 ± 1.6 440.563 8.9 ± 1.6
441.063 9.0 ± 1.6 441.563 8.8 ± 1.6 442.063 8.6 ± 1.6 442.563 8.6 ± 1.6
443.063 8.6 ± 1.6 443.563 8.6 ± 1.6 444.063 8.6 ± 1.6 444.563 9.2 ± 1.7
445.063 8.6 ± 1.6 445.563 8.7 ± 1.6 446.063 9.2 ± 1.7 446.563 9.1 ± 1.7
447.063 8.9 ± 1.6 447.563 9.0 ± 1.7 448.063 9.0 ± 1.6 448.563 9.5 ± 1.7
449.063 9.5 ± 1.8 449.563 8.9 ± 1.6 450.063 9.1 ± 1.7 450.563 10.0 ± 1.8
451.063 9.2 ± 1.7 451.563 9.7 ± 1.8 452.063 9.5 ± 1.7 452.563 9.2 ± 1.7
453.063 9.1 ± 1.7 453.563 9.4 ± 1.7 454.063 9.5 ± 1.7 454.563 11.1 ± 2.1
455.063 9.3 ± 1.7 455.563 9.7 ± 1.8 456.063 9.6 ± 1.8 456.563 9.4 ± 1.7
457.063 9.0 ± 1.7 457.563 8.9 ± 1.6 458.063 8.9 ± 1.6 458.563 9.3 ± 1.7
459.063 8.9 ± 1.6 459.563 9.1 ± 1.7 460.063 9.3 ± 1.7 460.563 9.4 ± 1.7
461.063 9.4 ± 1.7 461.563 9.3 ± 1.7 462.063 9.3 ± 1.7 462.563 9.3 ± 1.7
463.063 9.4 ± 1.7 463.563 9.1 ± 1.7 464.063 9.2 ± 1.7 464.563 9.7 ± 1.8
465.063 9.9 ± 1.8 465.563 10.3 ± 1.9 466.063 9.9 ± 1.8 466.563 9.8 ± 1.8
467.063 10.2 ± 1.9 467.563 10.1 ± 1.9 468.063 9.8 ± 1.8 468.563 9.6 ± 1.8
469.063 9.4 ± 1.7 469.563 9.7 ± 1.8 470.063 9.8 ± 1.8 470.563 9.8 ± 1.8
471.063 10.3 ± 1.9 471.563 10.7 ± 2.0 472.063 10.2 ± 1.9 472.563 9.9 ± 1.8
473.063 10.2 ± 1.9 473.563 9.9 ± 1.8 474.063 9.7 ± 1.8 474.563 10.0 ± 1.8
475.063 9.7 ± 1.8 475.563 10.4 ± 1.9 476.063 10.0 ± 1.8 476.563 9.8 ± 1.8
477.063 10.0 ± 1.8 477.563 9.8 ± 1.8 478.063 9.5 ± 1.7 478.563 9.5 ± 1.7
480.563 10.3 ± 1.9 481.063 9.7 ± 1.8 481.563 9.8 ± 1.8 482.063 9.7 ± 1.8
482.563 9.6 ± 1.8 483.063 9.7 ± 1.8 483.563 9.9 ± 1.8 484.063 9.6 ± 1.8
484.563 10.1 ± 1.8 485.063 10.2 ± 1.9 485.563 9.7 ± 1.8 486.063 9.5 ± 1.7
486.563 9.8 ± 1.8 487.063 9.5 ± 1.7 487.563 9.5 ± 1.7 488.063 9.5 ± 1.7
488.563 9.7 ± 1.8 489.063 10.0 ± 1.8 489.563 10.7 ± 1.9 490.063 10.6 ± 1.9
490.563 10.0 ± 1.8 491.063 10.3 ± 1.9 491.563 10.1 ± 1.9 492.063 10.5 ± 1.9
492.563 10.5 ± 1.9 493.063 10.8 ± 2.0 493.563 11.7 ± 2.1 494.063 12.6 ± 2.3
494.563 11.4 ± 2.1 495.063 12.3 ± 2.2 495.563 11.3 ± 2.1 496.063 10.5 ± 1.9
496.563 10.4 ± 1.9 497.063 11.0 ± 2.1 497.563 10.5 ± 1.9 498.063 10.0 ± 1.8
498.563 9.8 ± 1.8 499.063 9.7 ± 1.8 499.563 9.9 ± 1.8 500.063 10.2 ± 1.9
500.563 10.0 ± 1.8 501.063 9.9 ± 1.8 501.563 9.7 ± 1.8 502.063 9.9 ± 1.8
502.563 10.1 ± 1.9 503.063 9.7 ± 1.8 503.563 9.7 ± 1.8 504.063 10.0 ± 1.8
504.563 10.1 ± 1.8 505.063 10.2 ± 1.9 505.563 10.4 ± 1.9 506.063 10.0 ± 1.8
506.563 9.7 ± 1.8 507.063 10.1 ± 1.9 507.563 9.9 ± 1.8 508.063 9.9 ± 1.8
TABLE II: First frequency of each half Hz signal frequency band in
which we set upper limits and upper limit value for that band.
13
2. Cleaned-out frequency bins
Cause fL (Hz) Harmonics LFS (Hz) HFS (Hz) IFO
Mains 60 8 1 1 L,H
Wire 345 1 5 5 L
Wire 346 1 4 4 H
Electronic 85.8 1 0.01 0.01 H
Electronic 89.9 1 0.06 0.06 H
Electronic 93.29 1 0.015 0.015 L
Electronic 93.05 1 0.01 0.01 H
Electronic 93.25 1 0.01 0.01 H
Electronic 96.71 1 0.015 0.015 L
Electronic 139.94 1 0.02 0.02 L
Electronic 139.95 1 0.01 0.01 H
Electronic 145.06 1 0.02 0.02 L
Electronic 164.52 1 0.01 0.01 H
Electronic 186.59 1 0.025 0.025 L
Electronic 193.42 1 0.025 0.025 L
Electronic 233.23 1 0.05 0.05 L
Electronic 241.78 1 0.07 0.07 L
Electronic 329.58 1 0.02 0.01 H
Electronic 329.86 1 0.01 0.02 H
Violin Mode 329.32 1 0.11 0.11 L
Violin Mode 329.70 1 0.3 0.3 H
Violin Mode 335.53 1 0.28 0.28 L
CPU line 54.496 1 0.0006 0.0006 L,H
CPU line 108.992 1 0.0006 0.0006 L,H
Sideband Comb 140.4100 1 0.0006 0.0006 H
Sideband Comb 166.1205 1 0.0006 0.0006 H
Sideband Comb 191.8322 1 0.0006 0.0006 H
Sideband Comb 217.5428 1 0.0006 0.0006 H
Sideband Comb 243.2539 1 0.0006 0.0006 H
Sideband Comb 268.9650 1 0.0006 0.0006 H
Sideband Comb 294.6756 1 0.0006 0.0006 H
Sideband Comb 320.3867 1 0.0006 0.0006 H
Sideband Comb 346.0972 1 0.0006 0.0006 H
Sideband Comb 371.8077 1 0.0006 0.0006 H
Sideband Comb 383.6639 1 0.0006 0.0006 H
Sideband Comb 397.5194 1 0.0006 0.0006 H
Sideband Comb 409.3705 1 0.0006 0.0006 H
Sideband Comb 423.2306 1 0.0006 0.0006 H
Sideband Comb 435.0861 1 0.0006 0.0006 H
Sideband Comb 460.7967 1 0.0006 0.0006 H
Sideband Comb 486.5078 1 0.0006 0.0006 H
1Hz Comb 1 2000 0.0006 0.0006 L,H
2Hz Comb 52 1 0.0006 0.0006 L,H
2Hz Comb 64 1 0.0006 0.0006 L,H
2Hz Comb 68 1 0.0006 0.0006 L,H
2Hz Comb 76 1 0.0006 0.0006 L,H
2Hz Comb 80 1 0.0006 0.0006 L,H
2Hz Comb 82 1 0.0006 0.0006 L,H
2Hz Comb 90 1 0.0006 0.0006 L,H
2Hz Comb 96 1 0.0006 0.0006 L,H
2Hz Comb 98 1 0.0006 0.0006 L,H
2Hz Comb 102 1 0.0006 0.0006 L,H
2Hz Comb 109 1 0.0006 0.0006 L,H
2Hz Comb 110 1 0.0006 0.0006 L,H
2Hz Comb 111 1 0.0006 0.0006 L,H
2Hz Comb 112 1 0.0006 0.0006 L,H
2Hz Comb 116 1 0.0006 0.0006 L,H
2Hz Comb 120 1 0.0006 0.0006 L,H
2Hz Comb 124 1 0.0006 0.0006 L,H
2Hz Comb 128 1 0.0006 0.0006 L,H
Cause fL (Hz) Harmonics LFS (Hz) HFS (Hz) IFO
2Hz Comb 132 1 0.0006 0.0006 L,H
2Hz Comb 138 1 0.0006 0.0006 L,H
2Hz Comb 140 1 0.0006 0.0006 L,H
2Hz Comb 142 1 0.0006 0.0006 L,H
2Hz Comb 144 1 0.0006 0.0006 L,H
2Hz Comb 150 1 0.0006 0.0006 L,H
2Hz Comb 158 1 0.0006 0.0006 L,H
2Hz Comb 154 1 0.0006 0.0006 L,H
2Hz Comb 162 1 0.0006 0.0006 L,H
2Hz Comb 166 1 0.0006 0.0006 L,H
2Hz Comb 168 1 0.0006 0.0006 L,H
2Hz Comb 170 1 0.0006 0.0006 L,H
2Hz Comb 172 1 0.0006 0.0006 L,H
2Hz Comb 174 1 0.0006 0.0006 L,H
2Hz Comb 176 1 0.0006 0.0006 L,H
2Hz Comb 178 1 0.0006 0.0006 L,H
2Hz Comb 184 1 0.0006 0.0006 L,H
2Hz Comb 188 1 0.0006 0.0006 L,H
2Hz Comb 192 1 0.0006 0.0006 L,H
2Hz Comb 196 1 0.0006 0.0006 L,H
2Hz Comb 204 1 0.0006 0.0006 L,H
2Hz Comb 206 1 0.0006 0.0006 L,H
2Hz Comb 214 1 0.0006 0.0006 L,H
2Hz Comb 216 1 0.0006 0.0006 L,H
2Hz Comb 218 1 0.0006 0.0006 L,H
2Hz Comb 221 1 0.0006 0.0006 L,H
2Hz Comb 222 1 0.0006 0.0006 L,H
2Hz Comb 226 1 0.0006 0.0006 L,H
2Hz Comb 234 1 0.0006 0.0006 L,H
2Hz Comb 236 1 0.0006 0.0006 L,H
2Hz Comb 242 1 0.0006 0.0006 L,H
2Hz Comb 244 1 0.0006 0.0006 L,H
2Hz Comb 248 1 0.0006 0.0006 L,H
2Hz Comb 252 1 0.0006 0.0006 L,H
2Hz Comb 254 1 0.0006 0.0006 L,H
2Hz Comb 256 1 0.0006 0.0006 L,H
2Hz Comb 260 1 0.0006 0.0006 L,H
2Hz Comb 262 1 0.0006 0.0006 L,H
2Hz Comb 264 1 0.0006 0.0006 L,H
2Hz Comb 266 1 0.0006 0.0006 L,H
2Hz Comb 268 1 0.0006 0.0006 L,H
2Hz Comb 270 1 0.0006 0.0006 L,H
2Hz Comb 274 1 0.0006 0.0006 L,H
2Hz Comb 278 1 0.0006 0.0006 L,H
2Hz Comb 280 1 0.0006 0.0006 L,H
2Hz Comb 282 1 0.0006 0.0006 L,H
2Hz Comb 286 1 0.0006 0.0006 L,H
2Hz Comb 290 1 0.0006 0.0006 L,H
2Hz Comb 298 1 0.0006 0.0006 L,H
2Hz Comb 308 1 0.0006 0.0006 L,H
2Hz Comb 312 1 0.0006 0.0006 L,H
2Hz Comb 316 1 0.0006 0.0006 L,H
2Hz Comb 320 1 0.0006 0.0006 L,H
2Hz Comb 334 1 0.0006 0.0006 L,H
2Hz Comb 372 1 0.0006 0.0006 L,H
2Hz Comb 376 1 0.0006 0.0006 L,H
2Hz Comb 380 1 0.0006 0.0006 L,H
2Hz Comb 384 1 0.0006 0.0006 L,H
2Hz Comb 394 1 0.0006 0.0006 L,H
2Hz Comb 402 1 0.0006 0.0006 L,H
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Cause fL (Hz) Harmonics LFS (Hz) HFS (Hz) IFO
2Hz Comb 410 1 0.0006 0.0006 L,H
2Hz Comb 414 1 0.0006 0.0006 L,H
2Hz Comb 418 1 0.0006 0.0006 L,H
2Hz Comb 422 1 0.0006 0.0006 L,H
2Hz Comb 430 1 0.0006 0.0006 L,H
2Hz Comb 432 1 0.0006 0.0006 L,H
2Hz Comb 435 1 0.0006 0.0006 L,H
2Hz Comb 440 1 0.0006 0.0006 L,H
2Hz Comb 448 1 0.0006 0.0006 L,H
2Hz Comb 462 1 0.0006 0.0006 L,H
2Hz Comb 466 1 0.0006 0.0006 L,H
2Hz Comb 468 1 0.0006 0.0006 L,H
2Hz Comb 470 1 0.0006 0.0006 L,H
2Hz Comb 474 1 0.0006 0.0006 L,H
2Hz Comb 482 1 0.0006 0.0006 L,H
2Hz Comb 488 1 0.0006 0.0006 L,H
2Hz Comb 496 1 0.0006 0.0006 L,H
2Hz Comb 500 1 0.0006 0.0006 L,H
2Hz Comb 504 1 0.0006 0.0006 L,H
2Hz Comb 508 1 0.0006 0.0006 L,H
Digital 55.8 1 0.05 0.05 H
Digital 56.875 1 0.005 0.005 H
Digital 58.625 1 0.005 0.005 H
Digital 69. 1 0.05 0.05 H
Digital 85.375 1 0.005 0.005 H
Digital 113.75 1 0.01 0.01 H
Digital 140.24 1 0.01 0.01 H
Digital 153.75 1 0.05 0.05 H
Digital 158.0 1 0.05 0.05 H
Digital 199.57 1 0.01 0.01 H
Digital 210.36 1 0.01 0.01 H
Digital 373.5 1 0.05 0.05 H
Digital 392.2 1 0.0006 0.0006 L,H
Digital 399.3 1 0.0006 0.0006 L
Digital 401.5 1 0.05 0.05 H
TABLE III: Instrumental lines identified and “cleaned” before the Ein-
stein@Home runs. The different columns represent: (I) the source of the
line; (II) the central frequency of the instrumental line; (III) the number
of harmonics; (IV) Low-Frequency-Side (LFS) of the knockout band; (V)
High-Frequency-Side (HFS) of the knockout band; (VI) the interferom-
eter where the instrumental lines were identified. Note that when there
are higher harmonics, the knockout band width remains constant.
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3. 50mHz signal-frequency bands that did not contribute to results
start stop disturbance
band band type
50.113 D
50.563 D
51.013 D
51.113 51.163 D
51.963 D
52.413 52.463 D
52.613 D
52.863 53.113 D
53.663 D
53.863 53.913 D
54.363 54.513 D
55.063 55.113 D
55.463 55.613 D
55.713 55.963 D
56.113 56.513 D
56.613 D
57.563 D
58.163 D
58.363 58.613 D
58.713 59.013 D
59.063 C
59.113 C D
59.163 60.863 C
60.913 C D
60.963 61.013 D
61.313 61.613 D
61.963 D
62.213 62.263 D
62.363 D
63.163 63.213 D
63.463 63.513 D
63.713 D
64.013 64.113 D
64.313 64.513 D
64.713 64.813 D
65.313 65.413 D
68.513 D
68.763 68.913 D
69.263 D
69.713 69.763 D
70.063 70.113 D
70.463 70.513 D
71.063 D
71.513 D
72.013 72.113 D
72.313 72.413 D
72.913 73.013 D
73.313 73.413 D
73.763 73.863 D
74.463 74.513 D
74.713 D
75.763 D
76.013 76.113 D
77.563 77.663 D
78.213 78.313 D
78.413 78.563 D
78.963 79.013 D
79.263 D
79.913 80.063 D
start stop disturbance
band band type
80.413 80.463 D
80.563 80.663 D
80.913 D
81.013 81.213 D
83.463 D
83.863 D
85.413 D
85.563 D
85.713 85.813 D
85.963 D
86.513 D
86.713 86.813 D
87.763 D
88.513 D
88.963 D
89.963 90.013 D
90.563 90.713 D
91.513 D
92.113 D
93.063 93.113 D
93.913 94.013 D
94.213 D
96.663 97.163 D
98.263 D
98.863 99.063 D
99.713 99.763 D
99.863 100.013 D
100.213 100.263 D
100.463 D
102.163 102.263 D
102.663 D
103.013 103.113 D
103.413 103.463 D
104.863 D
105.663 105.713 D
106.413 106.663 D
107.013 107.213 D
107.313 107.413 D
107.663 D
108.013 108.063 D
108.813 109.113 D
109.413 109.513 D
109.963 D
110.613 D
110.863 110.913 D
111.013 111.113 D
111.713 111.863 D
112.663 112.713 D
113.063 D
113.213 113.313 D
113.713 113.913 D
114.663 114.713 D
115.313 115.413 D
115.763 D
117.463 117.713 D
118.063 D
118.213 118.563 D
118.813 119.013 D
119.063 120.863 C
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start stop disturbance
band band type
120.963 121.013 D
121.163 121.313 D
121.613 121.763 D
122.063 122.313 D
123.113 D
125.613 125.663 D
126.213 126.313 D
126.413 D
126.713 126.813 D
127.063 D
127.963 128.013 D
128.363 D
129.713 129.763 D
129.863 129.963 D
130.513 D
131.263 D
132.713 132.763 D
133.413 D
134.013 134.063 D
134.413 134.513 D
135.063 135.163 D
135.613 135.713 D
137.063 137.113 D
137.463 137.513 D
137.613 137.913 D
138.163 D
139.463 139.513 D
139.613 139.813 D
140.113 140.213 D
140.363 140.413 D
140.963 D
141.613 141.663 D
141.813 141.863 D
142.213 142.313 D
142.613 142.713 D
144.313 144.363 D
144.613 144.763 D
145.013 145.713 D
146.313 146.363 D
146.663 146.813 D
146.913 D
147.113 147.163 D
147.713 D
148.763 D
149.113 149.213 D
149.563 D
149.963 150.013 D
150.863 D
151.263 D
152.063 D
153.163 153.313 D
153.413 D
153.613 153.713 D
153.863 153.913 D
154.213 154.263 D
155.263 D
155.763 D
156.113 D
156.213 156.263 D
156.363 D
156.513 D
start stop disturbance
band band type
156.813 156.863 D
157.363 157.413 D
157.763 D
158.163 D
158.363 D
160.213 160.313 D
161.413 161.513 D
162.313 162.363 D
162.913 162.963 D
163.463 163.513 D
168.063 168.113 D
169.613 169.713 D
170.813 D
173.713 173.813 D
174.163 D
178.513 D
178.963 D
179.063 180.863 C
180.963 181.013 D
181.363 D
181.813 181.863 D
182.763 182.813 D
184.363 184.463 D
185.363 185.413 D
187.963 D
188.463 D
189.363 189.413 D
189.813 189.863 D
190.763 190.813 D
192.363 192.613 D
193.613 194.313 D
196.963 197.013 D
197.713 197.763 D
197.863 197.963 D
198.113 198.163 D
198.563 198.663 D
199.213 199.313 D
199.513 199.613 D
199.813 200.013 D
200.413 200.513 D
200.913 201.013 D
201.313 201.363 D
203.663 D
204.113 204.213 D
204.863 204.913 D
205.663 D
205.863 D
206.413 206.663 D
209.213 209.263 D
210.213 210.313 D
215.513 D
217.463 217.563 D
217.913 218.013 D
223.563 223.613 D
225.513 225.563 D
229.363 D
229.813 229.913 D
230.213 230.313 D
231.313 231.413 D
234.113 234.163 D
239.063 240.863 C
17
start stop disturbance
band band type
241.613 241.713 D
241.813 241.863 D
242.113 242.163 D
242.313 242.863 D
246.513 246.563 D
249.963 250.013 D
253.063 253.113 D
255.063 255.113 D
257.063 257.113 D
257.263 257.363 D
259.063 259.113 D
270.163 270.213 D
270.613 270.663 D
272.413 272.513 D
275.213 275.563 D
279.763 279.813 D
280.313 280.363 D
280.813 D
281.913 282.013 D
289.363 D
290.963 291.013 D
291.213 D
291.313 291.413 D
299.063 300.863 C
306.463 306.563 D
308.463 308.513 D
324.013 324.063 D
329.113 329.263 D
329.313 C
329.463 329.863 C
332.163 332.263 D
335.163 335.263 D
335.313 335.663 C
335.713 C D
335.763 C D
335.813 C D
335.863 C
338.613 338.863 D
339.013 339.213 D
339.463 340.013 D
340.063 C D
340.113 349.863 C
349.963 350.563 D
350.663 350.763 D
350.913 351.213 D
351.363 351.563 D
357.863 357.963 D
358.913 359.063 D
359.113 360.863 C
360.913 361.013 D
365.563 365.613 D
366.513 366.613 D
366.863 D
369.763 369.813 D
370.013 370.163 D
373.263 373.313 D
373.513 373.613 D
374.163 D
374.513 374.613 D
389.513 389.613 D
391.213 391.313 D
start stop disturbance
band band type
392.063 392.213 D
392.513 392.613 D
393.013 393.263 D
393.413 393.513 D
393.913 D
394.013 394.213 D
394.813 394.913 D
395.463 395.513 D
395.863 D
395.963 396.063 D
396.513 396.713 D
399.063 399.113 D
399.213 399.313 D
399.613 400.613 D
400.713 400.813 D
401.013 401.313 D
403.513 403.913 D
407.213 407.363 D
407.813 407.913 D
408.213 408.363 D
409.263 409.413 D
413.013 413.363 D
416.113 416.213 D
417.013 417.213 D
418.163 418.213 D
419.113 420.863 C
421.213 D
430.313 D
444.413 444.513 D
448.913 D
451.413 451.663 D
472.563 472.663 D
474.563 474.613 D
479.113 480.863 C
TABLE IV: 50-mHz search-frequency bands that were identified as dis-
turbed based on visual inspection (D) or where the results were produced
from entirely fake data as detailed in Table I (C). Both sets of bands (D
and C) were excluded from the analysis. The first two columns list the
first frequency of the first and last 50-mHz band in a contiguous range
of excluded bands.
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4. Signal-frequency ranges where the results might have contributions from fake data
line mixed, mixed, all mixed,
type isolated left fake data right detector
1Hz 50.9648 51.0352 L,H
1Hz, 2Hz 51.9647 52.0353 L,H
1Hz 52.9646 53.0354 L,H
1Hz 53.9645 54.0355 L,H
CPU 54.4605 54.5315 L,H
1Hz 54.9644 55.0356 L,H
D 55.715 55.785 55.785 55.815 55.815 55.885 H
1Hz 55.9643 56.0357 L,H
D 56.8348 56.9152 H
1Hz 56.9642 57.0358 L,H
1Hz 57.9641 58.0359 L,H
D 58.5847 58.6653 H
1Hz, M 58.964 59.0348 59.0348 60.965 60.965 61.0362 L,H
1Hz 61.9637 62.0363 L,H
1Hz 62.9636 63.0364 L,H
1Hz, 2Hz 63.9635 64.0365 L,H
1Hz 64.9634 65.0366 L,H
1Hz 65.9633 66.0367 L,H
1Hz 66.9632 67.0368 L,H
1Hz, 2Hz 67.9631 68.0369 L,H
1Hz, D 68.9136 68.9864 68.9864 69.0136 69.0136 69.0864 H
1Hz 68.963 69.037 L
1Hz 69.9629 70.0371 L,H
1Hz 70.9628 71.0372 L,H
1Hz 71.9627 72.0373 L,H
1Hz 72.9626 73.0374 L,H
1Hz 73.9625 74.0375 L,H
1Hz 74.9624 75.0376 L,H
1Hz, 2Hz 75.9623 76.0377 L,H
1Hz 76.9622 77.0378 L,H
1Hz 77.9621 78.0379 L,H
1Hz 78.962 79.038 L,H
1Hz, 2Hz 79.9619 80.0381 L,H
1Hz 80.9618 81.0382 L,H
1Hz, 2Hz 81.9617 82.0383 L,H
1Hz 82.9616 83.0384 L,H
1Hz 83.9615 84.0385 L,H
1Hz 84.9614 85.0386 L,H
D 85.332 85.418 H
E 85.752 85.848 H
1Hz 85.9613 86.0387 L,H
1Hz 86.9612 87.0388 L,H
1Hz 87.9611 88.0389 L,H
1Hz 88.961 89.039 L,H
E 89.8016 89.8784 89.8784 89.9215 89.9215 89.9985 H
1Hz, 2Hz 89.9609 90.0391 L,H
1Hz 90.9608 91.0392 L,H
1Hz 91.9607 92.0393 L,H
1Hz 92.9606 93.0394 L,H
E 93.0012 93.0988 H
E 93.2012 93.2988 H
E 93.2362 93.3438 L
1Hz 93.9605 94.0395 L,H
1Hz 94.9604 95.0396 L,H
1Hz, 2Hz 95.9603 96.0397 L,H
E 96.6559 96.7641 L
1Hz 96.9602 97.0398 L,H
1Hz, 2Hz 97.9601 98.0399 L,H
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line mixed, mixed, all mixed,
type isolated left fake data right detector
1Hz 98.96 99.04 L,H
1Hz 99.9599 100.0401 L,H
1Hz 100.9598 101.0402 L,H
1Hz, 2Hz 101.9597 102.0403 L,H
1Hz 102.9596 103.0404 L,H
1Hz 103.9595 104.0405 L,H
1Hz 104.9594 105.0406 L,H
1Hz 105.9593 106.0407 L,H
1Hz 106.9592 107.0408 L,H
1Hz 107.9591 108.0409 L,H
CPU 108.951 109.033 L,H
1Hz, 2Hz 108.959 109.041 L,H
1Hz, 2Hz 109.9589 110.0411 L,H
1Hz, 2Hz 110.9588 111.0412 L,H
1Hz, 2Hz 111.9587 112.0413 L,H
1Hz 112.9586 113.0414 L,H
D 113.6992 113.8008 H
1Hz 113.9585 114.0415 L,H
1Hz 114.9584 115.0416 L,H
1Hz, 2Hz 115.9583 116.0417 L,H
1Hz 116.9582 117.0418 L,H
1Hz 117.9581 118.0419 L,H
1Hz, 2Hz, M 118.958 119.0408 119.0408 120.959 120.959 121.0422 L,H
1Hz 121.9577 122.0423 L,H
1Hz 122.9576 123.0424 L,H
1Hz, 2Hz 123.9575 124.0425 L,H
1Hz 124.9574 125.0426 L,H
1Hz 125.9573 126.0427 L,H
1Hz 126.9572 127.0428 L,H
1Hz, 2Hz 127.9571 128.0429 L,H
1Hz 128.957 129.043 L,H
1Hz 129.9569 130.0431 L,H
1Hz 130.9568 131.0432 L,H
1Hz, 2Hz 131.9567 132.0433 L,H
1Hz 132.9566 133.0434 L,H
1Hz 133.9565 134.0435 L,H
1Hz 134.9564 135.0436 L,H
1Hz 135.9563 136.0437 L,H
1Hz 136.9562 137.0438 L,H
1Hz, 2Hz 137.9561 138.0439 L,H
1Hz 138.956 139.044 L,H
E 139.8765 140.0035 L
E 139.8965 140.0035 H
1Hz, 2Hz 139.9559 140.0441 L,H
D 140.1865 140.2935 H
SB 140.3659 140.4541 H
1Hz 140.9558 141.0442 L,H
1Hz, 2Hz 141.9557 142.0443 L,H
1Hz 142.9556 143.0444 L,H
1Hz, 2Hz 143.9555 144.0445 L,H
1Hz 144.9554 145.0446 L,H
E 144.996 145.124 L
1Hz 145.9553 146.0447 L,H
1Hz 146.9552 147.0448 L,H
1Hz 147.9551 148.0449 L,H
1Hz 148.955 149.045 L,H
1Hz, 2Hz 149.9549 150.0451 L,H
1Hz 150.9548 151.0452 L,H
1Hz 151.9547 152.0453 L,H
1Hz 152.9546 153.0454 L,H
D 153.6552 153.7448 153.7448 153.7552 153.7552 153.8448 H
20
line mixed, mixed, all mixed,
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1Hz, 2Hz 153.9545 154.0455 L,H
1Hz 154.9544 155.0456 L,H
1Hz 155.9543 156.0457 L,H
1Hz 156.9542 157.0458 L,H
1Hz, 2Hz, D 157.9047 157.9953 157.9953 158.0047 158.0047 158.0953 H
1Hz, 2Hz 157.9541 158.0459 L
1Hz 158.954 159.046 L,H
1Hz 159.9539 160.0461 L,H
1Hz 160.9538 161.0462 L,H
1Hz, 2Hz 161.9537 162.0463 L,H
1Hz 162.9536 163.0464 L,H
1Hz 163.9535 164.0465 L,H
E 164.4641 164.5759 H
1Hz 164.9534 165.0466 L,H
1Hz, 2Hz 165.9533 166.0467 L,H
SB 166.0738 166.1672 H
1Hz 166.9532 167.0468 L,H
1Hz, 2Hz 167.9531 168.0469 L,H
1Hz 168.953 169.047 L,H
1Hz, 2Hz 169.9529 170.0471 L,H
1Hz 170.9528 171.0472 L,H
1Hz, 2Hz 171.9527 172.0473 L,H
1Hz 172.9526 173.0474 L,H
1Hz, 2Hz 173.9525 174.0475 L,H
1Hz 174.9524 175.0476 L,H
1Hz, 2Hz 175.9523 176.0477 L,H
1Hz 176.9522 177.0478 L,H
1Hz, 2Hz 177.9521 178.0479 L,H
1Hz, M 178.952 179.0468 179.0468 180.953 180.953 181.0482 L,H
1Hz 181.9517 182.0483 L,H
1Hz 182.9516 183.0484 L,H
1Hz, 2Hz 183.9515 184.0485 L,H
1Hz 184.9514 185.0486 L,H
1Hz 185.9513 186.0487 L,H
E 186.5169 186.6631 L
1Hz 186.9512 187.0488 L,H
1Hz, 2Hz 187.9511 188.0489 L,H
1Hz 188.951 189.049 L,H
1Hz 189.9509 190.0491 L,H
1Hz 190.9508 191.0492 L,H
SB 191.783 191.8814 H
1Hz, 2Hz 191.9507 192.0493 L,H
1Hz 192.9506 193.0494 L,H
E 193.3462 193.4938 L
1Hz 193.9505 194.0495 L,H
1Hz 194.9504 195.0496 L,H
1Hz, 2Hz 195.9503 196.0497 L,H
1Hz 196.9502 197.0498 L,H
1Hz 197.9501 198.0499 L,H
1Hz 198.95 199.05 L,H
D 199.5106 199.6294 H
1Hz 199.9499 200.0501 L,H
1Hz 200.9498 201.0502 L,H
1Hz 201.9497 202.0503 L,H
1Hz 202.9496 203.0504 L,H
1Hz, 2Hz 203.9495 204.0505 L,H
1Hz 204.9494 205.0506 L,H
1Hz, 2Hz 205.9493 206.0507 L,H
1Hz 206.9492 207.0508 L,H
1Hz 207.9491 208.0509 L,H
1Hz 208.949 209.051 L,H
21
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1Hz 209.9489 210.0511 L,H
D 210.2995 210.4205 H
1Hz 210.9488 211.0512 L,H
1Hz 211.9487 212.0513 L,H
1Hz 212.9486 213.0514 L,H
1Hz, 2Hz 213.9485 214.0515 L,H
1Hz 214.9484 215.0516 L,H
1Hz, 2Hz 215.9483 216.0517 L,H
1Hz 216.9482 217.0518 L,H
SB 217.491 217.5946 H
1Hz, 2Hz 217.9481 218.0519 L,H
1Hz 218.948 219.052 L,H
1Hz 219.9479 220.0521 L,H
1Hz, 2Hz 220.9478 221.0522 L,H
1Hz, 2Hz 221.9477 222.0523 L,H
1Hz 222.9476 223.0524 L,H
1Hz 223.9475 224.0525 L,H
1Hz 224.9474 225.0526 L,H
1Hz, 2Hz 225.9473 226.0527 L,H
1Hz 226.9472 227.0528 L,H
1Hz 227.9471 228.0529 L,H
1Hz 228.947 229.053 L,H
1Hz 229.9469 230.0531 L,H
1Hz 230.9468 231.0532 L,H
1Hz 231.9467 232.0533 L,H
1Hz 232.9466 233.0534 L,H
E 233.1272 233.3328 L
1Hz, 2Hz 233.9465 234.0535 L,H
1Hz 234.9464 235.0536 L,H
1Hz, 2Hz 235.9463 236.0537 L,H
1Hz 236.9462 237.0538 L,H
1Hz 237.9461 238.0539 L,H
1Hz, M 238.946 239.0528 239.0528 240.947 240.947 241.0542 L,H
E 241.6564 241.7636 241.7636 241.7964 241.7964 241.9036 L
1Hz, 2Hz 241.9457 242.0543 L,H
1Hz 242.9456 243.0544 L,H
SB 243.1995 243.3083 H
1Hz, 2Hz 243.9455 244.0545 L,H
1Hz 244.9454 245.0546 L,H
1Hz 245.9453 246.0547 L,H
1Hz 246.9452 247.0548 L,H
1Hz, 2Hz 247.9451 248.0549 L,H
1Hz 248.945 249.055 L,H
1Hz 249.9449 250.0551 L,H
1Hz 250.9448 251.0552 L,H
1Hz, 2Hz 251.9447 252.0553 L,H
1Hz 252.9446 253.0554 L,H
1Hz, 2Hz 253.9445 254.0555 L,H
1Hz 254.9444 255.0556 L,H
1Hz, 2Hz 255.9443 256.0557 L,H
1Hz 256.9442 257.0558 L,H
1Hz 257.9441 258.0559 L,H
1Hz 258.944 259.056 L,H
1Hz, 2Hz 259.9439 260.0561 L,H
1Hz 260.9438 261.0562 L,H
1Hz, 2Hz 261.9437 262.0563 L,H
1Hz 262.9436 263.0564 L,H
1Hz, 2Hz 263.9435 264.0565 L,H
1Hz 264.9434 265.0566 L,H
1Hz, 2Hz 265.9433 266.0567 L,H
1Hz 266.9432 267.0568 L,H
22
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1Hz, 2Hz 267.9431 268.0569 L,H
SB 268.908 269.022 H
1Hz 268.943 269.057 L,H
1Hz, 2Hz 269.9429 270.0571 L,H
1Hz 270.9428 271.0572 L,H
1Hz 271.9427 272.0573 L,H
1Hz 272.9426 273.0574 L,H
1Hz, 2Hz 273.9425 274.0575 L,H
1Hz 274.9424 275.0576 L,H
1Hz 275.9423 276.0577 L,H
1Hz 276.9422 277.0578 L,H
1Hz, 2Hz 277.9421 278.0579 L,H
1Hz 278.942 279.058 L,H
1Hz, 2Hz 279.9419 280.0581 L,H
1Hz 280.9418 281.0582 L,H
1Hz, 2Hz 281.9417 282.0583 L,H
1Hz 282.9416 283.0584 L,H
1Hz 283.9415 284.0585 L,H
1Hz 284.9414 285.0586 L,H
1Hz, 2Hz 285.9413 286.0587 L,H
1Hz 286.9412 287.0588 L,H
1Hz 287.9411 288.0589 L,H
1Hz 288.941 289.059 L,H
1Hz, 2Hz 289.9409 290.0591 L,H
1Hz 290.9408 291.0592 L,H
1Hz 291.9407 292.0593 L,H
1Hz 292.9406 293.0594 L,H
1Hz 293.9405 294.0595 L,H
SB 294.6161 294.7351 H
1Hz 294.9404 295.0596 L,H
1Hz 295.9403 296.0597 L,H
1Hz 296.9402 297.0598 L,H
1Hz, 2Hz 297.9401 298.0599 L,H
1Hz, M 298.94 299.0588 299.0588 300.941 300.941 301.0602 L,H
1Hz 301.9397 302.0603 L,H
1Hz 302.9396 303.0604 L,H
1Hz 303.9395 304.0605 L,H
1Hz 304.9394 305.0606 L,H
1Hz 305.9393 306.0607 L,H
1Hz 306.9392 307.0608 L,H
1Hz, 2Hz 307.9391 308.0609 L,H
1Hz 308.939 309.061 L,H
1Hz 309.9389 310.0611 L,H
1Hz 310.9388 311.0612 L,H
1Hz, 2Hz 311.9387 312.0613 L,H
1Hz 312.9386 313.0614 L,H
1Hz 313.9385 314.0615 L,H
1Hz 314.9384 315.0616 L,H
1Hz, 2Hz 315.9383 316.0617 L,H
1Hz 316.9382 317.0618 L,H
1Hz 317.9381 318.0619 L,H
1Hz 318.938 319.062 L,H
1Hz, 2Hz 319.9379 320.0621 L,H
SB 320.3246 320.4488 H
1Hz 320.9378 321.0622 L,H
1Hz 321.9377 322.0623 L,H
1Hz 322.9376 323.0624 L,H
1Hz 323.9375 324.0625 L,H
1Hz 324.9374 325.0626 L,H
1Hz 325.9373 326.0627 L,H
1Hz 326.9372 327.0628 L,H
23
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1Hz 327.9371 328.0629 L,H
1Hz 328.937 329.063 L,H
VM 329.1476 329.2724 329.2724 329.3676 329.3676 329.4924 L
1Hz, E, VM 329.3376 329.4624 329.4624 329.9381 329.9381 330.0631 H
1Hz 329.9369 330.0631 L
1Hz 330.9368 331.0632 L,H
1Hz 331.9367 332.0633 L,H
1Hz 332.9366 333.0634 L,H
1Hz, 2Hz 333.9365 334.0635 L,H
1Hz 334.9364 335.0636 L,H
VM 335.187 335.313 335.313 335.747 335.747 335.873 L
1Hz, VM 335.437 335.563 335.563 335.9375 335.9375 336.0637 H
1Hz 335.9363 336.0637 L
1Hz 336.9362 337.0638 L,H
1Hz 337.9361 338.0639 L,H
1Hz 338.936 339.064 L,H
1Hz, VM 339.9359 340.0629 340.0629 349.9361 349.9361 350.0651 L
1Hz 339.9359 340.0641 H
1Hz 340.9358 341.0642 H
1Hz, SB, VM 341.9357 342.0631 342.0631 349.9361 349.9361 350.0651 H
1Hz 350.9348 351.0652 L,H
1Hz 351.9347 352.0653 L,H
1Hz 352.9346 353.0654 L,H
1Hz 353.9345 354.0655 L,H
1Hz 354.9344 355.0656 L,H
1Hz 355.9343 356.0657 L,H
1Hz 356.9342 357.0658 L,H
1Hz 357.9341 358.0659 L,H
1Hz, M 358.934 359.0648 359.0648 360.935 360.935 361.0662 L,H
1Hz 361.9337 362.0663 L,H
1Hz 362.9336 363.0664 L,H
1Hz 363.9335 364.0665 L,H
1Hz 364.9334 365.0666 L,H
1Hz 365.9333 366.0667 L,H
1Hz 366.9332 367.0668 L,H
1Hz 367.9331 368.0669 L,H
1Hz 368.933 369.067 L,H
1Hz 369.9329 370.0671 L,H
1Hz 370.9328 371.0672 L,H
SB 371.7405 371.8749 H
1Hz, 2Hz 371.9327 372.0673 L,H
1Hz 372.9326 373.0674 L,H
D 373.3832 373.6168 H
1Hz 373.9325 374.0675 L,H
1Hz 374.9324 375.0676 L,H
1Hz, 2Hz 375.9323 376.0677 L,H
1Hz 376.9322 377.0678 L,H
1Hz 377.9321 378.0679 L,H
1Hz 378.932 379.068 L,H
1Hz, 2Hz 379.9319 380.0681 L,H
1Hz 380.9318 381.0682 L,H
1Hz 381.9317 382.0683 L,H
1Hz 382.9316 383.0684 L,H
SB 383.5955 383.7323 H
1Hz, 2Hz 383.9315 384.0685 L,H
1Hz 384.9314 385.0686 L,H
1Hz 385.9313 386.0687 L,H
1Hz 386.9312 387.0688 L,H
1Hz 387.9311 388.0689 L,H
1Hz 388.931 389.069 L,H
1Hz 389.9309 390.0691 L,H
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1Hz 390.9308 391.0692 L,H
1Hz 391.9307 392.0693 L,H
D 392.1307 392.2693 L,H
1Hz 392.9306 393.0694 L,H
1Hz, 2Hz 393.9305 394.0695 L,H
1Hz 394.9304 395.0696 L,H
1Hz 395.9303 396.0697 L,H
1Hz 396.9302 397.0698 L,H
SB 397.4496 397.5892 H
1Hz 397.9301 398.0699 L,H
1Hz 398.93 399.07 L,H
D 399.23 399.37 L
1Hz 399.9299 400.0701 L,H
1Hz 400.9298 401.0702 L,H
D 401.3804 401.6196 H
1Hz, 2Hz 401.9297 402.0703 L,H
1Hz 402.9296 403.0704 L,H
1Hz 403.9295 404.0705 L,H
1Hz 404.9294 405.0706 L,H
1Hz 405.9293 406.0707 L,H
1Hz 406.9292 407.0708 L,H
1Hz 407.9291 408.0709 L,H
1Hz 408.929 409.071 L,H
SB 409.2995 409.4415 H
1Hz, 2Hz 409.9289 410.0711 L,H
1Hz 410.9288 411.0712 L,H
1Hz 411.9287 412.0713 L,H
1Hz 412.9286 413.0714 L,H
1Hz, 2Hz 413.9285 414.0715 L,H
1Hz 414.9284 415.0716 L,H
1Hz 415.9283 416.0717 L,H
1Hz 416.9282 417.0718 L,H
1Hz, 2Hz 417.9281 418.0719 L,H
1Hz, M 418.928 419.0708 419.0708 420.929 420.929 421.0722 L,H
1Hz, 2Hz 421.9277 422.0723 L,H
1Hz 422.9276 423.0724 L,H
SB 423.1582 423.303 H
1Hz 423.9275 424.0725 L,H
1Hz 424.9274 425.0726 L,H
1Hz 425.9273 426.0727 L,H
1Hz 426.9272 427.0728 L,H
1Hz 427.9271 428.0729 L,H
1Hz 428.927 429.073 L,H
1Hz, 2Hz 429.9269 430.0731 L,H
1Hz 430.9268 431.0732 L,H
1Hz, 2Hz 431.9267 432.0733 L,H
1Hz 432.9266 433.0734 L,H
1Hz 433.9265 434.0735 L,H
1Hz, 2Hz 434.9264 435.0736 L,H
SB 435.0125 435.1597 H
1Hz 435.9263 436.0737 L,H
1Hz 436.9262 437.0738 L,H
1Hz 437.9261 438.0739 L,H
1Hz 438.926 439.074 L,H
1Hz, 2Hz 439.9259 440.0741 L,H
1Hz 440.9258 441.0742 L,H
1Hz 441.9257 442.0743 L,H
1Hz 442.9256 443.0744 L,H
1Hz 443.9255 444.0745 L,H
1Hz 444.9254 445.0746 L,H
1Hz 445.9253 446.0747 L,H
25
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1Hz 446.9252 447.0748 L,H
1Hz, 2Hz 447.9251 448.0749 L,H
1Hz 448.925 449.075 L,H
1Hz 449.9249 450.0751 L,H
1Hz 450.9248 451.0752 L,H
1Hz 451.9247 452.0753 L,H
1Hz 452.9246 453.0754 L,H
1Hz 453.9245 454.0755 L,H
1Hz 454.9244 455.0756 L,H
1Hz 455.9243 456.0757 L,H
1Hz 456.9242 457.0758 L,H
1Hz 457.9241 458.0759 L,H
1Hz 458.924 459.076 L,H
1Hz 459.9239 460.0761 L,H
SB 460.7206 460.8728 H
1Hz 460.9238 461.0762 L,H
1Hz, 2Hz 461.9237 462.0763 L,H
1Hz 462.9236 463.0764 L,H
1Hz 463.9235 464.0765 L,H
1Hz 464.9234 465.0766 L,H
1Hz, 2Hz 465.9233 466.0767 L,H
1Hz 466.9232 467.0768 L,H
1Hz, 2Hz 467.9231 468.0769 L,H
1Hz 468.923 469.077 L,H
1Hz, 2Hz 469.9229 470.0771 L,H
1Hz 470.9228 471.0772 L,H
1Hz 471.9227 472.0773 L,H
1Hz 472.9226 473.0774 L,H
1Hz, 2Hz 473.9225 474.0775 L,H
1Hz 474.9224 475.0776 L,H
1Hz 475.9223 476.0777 L,H
1Hz 476.9222 477.0778 L,H
1Hz 477.9221 478.0779 L,H
1Hz, M 478.922 479.0768 479.0768 480.923 480.923 481.0782 L,H
1Hz, 2Hz 481.9217 482.0783 L,H
1Hz 482.9216 483.0784 L,H
1Hz 483.9215 484.0785 L,H
1Hz 484.9214 485.0786 L,H
1Hz 485.9213 486.0787 L,H
SB 486.4291 486.5865 H
1Hz 486.9212 487.0788 L,H
1Hz, 2Hz 487.9211 488.0789 L,H
1Hz 488.921 489.079 L,H
1Hz 489.9209 490.0791 L,H
1Hz 490.9208 491.0792 L,H
1Hz 491.9207 492.0793 L,H
1Hz 492.9206 493.0794 L,H
1Hz 493.9205 494.0795 L,H
1Hz 494.9204 495.0796 L,H
1Hz, 2Hz 495.9203 496.0797 L,H
1Hz 496.9202 497.0798 L,H
1Hz 497.9201 498.0799 L,H
1Hz 498.92 499.08 L,H
1Hz, 2Hz 499.9199 500.0801 L,H
1Hz 500.9198 501.0802 L,H
1Hz 501.9197 502.0803 L,H
1Hz 502.9196 503.0804 L,H
1Hz, 2Hz 503.9195 504.0805 L,H
1Hz 504.9194 505.0806 L,H
1Hz 505.9193 506.0807 L,H
1Hz 506.9192 507.0808 L,H
26
line mixed, mixed, all mixed,
type isolated left fake data right detector
1Hz, 2Hz 507.9191 508.0809 L,H
1Hz 508.919 509.081 L,H
TABLE V: Signal frequency ranges where the results might have contri-
butions from fake data. When the results are entirely due to artificial
data, the band is listed in the “all fake data” column; bands where the
results comprise contributions from both fake and real data are listed in
the other three columns. The “mixed, left” and “mixed, right” columns
are populated only when there is a matching “all fake data” entry, which
highlights the same physical cause for the fake data, i.e., the cleaning.
The “mixed, isolated” column lists isolated ranges of mixed data. The
list of input data frequencies where the data was substituted with arti-
ficial noise are given in Table I.
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